Two critical premises underlie prevalent interpretations of the ecological basis of variation among female primate social behavior. The rst is that food distribution affects competitive regimes for food experienced by females. This leads, in turn, to the second premise that these competitive regimes generate predictable patterns of female social relationships and residence. Long-term eld studies of S. oerstedii at Corcovado, Costa Rica and S. boliviensis at Manu, Peru (Mitchell et al., 1991) provide what is widely considered as the most powerful support to date for such an ecological model. The data from these two squirrel monkey eld studies are entirely consistent with the various incarnations of the van Schaik (1989) and associates' models linking a cascade of predictions on within-and between-sex social 2) Corresponding author's address:
Introduction
The importance of sexual selection and the concomitant sex differences in reproductive and foraging strategies among primates was rst recognized in the 1970's (Schoener, 1971; Trivers, 1972; Emlen & Oring, 1977) . Wrangham (1980) was the rst to synthesize these new insights into a far-reaching ecological model of primate social evolution. The observation that inspired Wrangham's model was that females of some, but not all, primate taxa were 'female-bonded.' In effect, females in these species form cohesive matrilineal groups characterized by af liative interactions, most notably proximity, grooming, and coalitions against members of other matrilines and unrelated males. Wrangham argued that to optimize reproductive success, female primates disperse according to resources and males in accordance to females. Furthermore, resource distribution predicts the likelihood of betweengroup food competition and the consequent bene ts that females receive from philopatry and alliances with other females. Strong female-female social bonds are predicted to be advantageous to females in groups in which between-group competitive success is enhanced by female cooperation. Van Schaik and van Hooff (van Schaik, 1989; van Hooff & van Schaik, 1992 ) extended Wrangham's (1980) original ecological model of social evolution. Both models make broad, easily tested predictions, and are ultimately based on sexual selection. Many aspects of female and male social behavior are predicated upon the distributio n and defendability of food resources. (1) Food competition is predicted to make female social bonding and cooperation in defense of resources advantageous. (2) Distribution of males across social groups is viewed as a response to the availability and defendability of females. (3) The dispersal options taken by females determine those open to males (i.e., if females are philopatric to bene t from kin relationships in competitive alliances for food, males are destined to disperse as a consequence of inbreeding avoidance). In short, a species' food competition regime generates a linked series of predictions regarding dominance relationships , coalitions, af liative bonds, dispersal patterns, and reproductive success. However, in addition to being more elaborate than the Wrangham model, the van Schaik and van Hooff model differs in strongly emphasizing (1) the importance of within-group food competition in addition to between-group food competition, and (2) that predation avoidance makes group-livin g advantageous, thus creating the opportunit y for indirect and direct within-group food competition.
The ecological model, especially as formulated by van Schaik and van Hooff (van Schaik, 1989; van Hooff & van Schaik, 1992 , however, proved controversial. Numerous workers noted that much variance in social structure remains unexplained, and that the exibility and variety of behavioral strategies available to individuals are inadequately represented (Chapman, 1990; Chapman et al., 1995; Isbell, 1991; Cheney, 1992; Moore, 1992 ; Smuts & Smuts, 1993; Kappeler, 1993; Parish, 1994) . In response to these and other concerns, Sterck et al. (1997) proposed a less deterministic, more biologically realistic, ecological model that also incorporated the in uence of infanticide risk (van Schaik, 1996) . They built upon the ecological premises developed by van Schaik and van Hooff (van Schaik, 1989; van Hooff & van Schaik, 1992 . Predation risk made sociality advantageous (van Schaik, 1983; Terborgh, 1983; Terborgh & Janson, 1986 ), but sociality produced direct and indirect food competition (Miller, 1967 ; also referred to as contest and scramble, Nicholson, 1957) both within and between groups of females. Sterck et al. (1997, see Table 1 ) identi ed four major combinations of forms of food competition experienced by wild primate populations and outlined how these competitive regimes were expected to in uence social organization and behavior. Resident-nepotistic refers to a situation in which there is strong within-group and weak between-group direct competition. Females are philopatric and establish stable, linear and nepotistic hierarchies with despotic, dominance relationships. In the dispersal-egalitarian female social system, weak within-group and between-group competition leads to lability of female troop membership and females readily transfer between troops. Females do not form stable linear hierarchies or coalitions. Social systems with strong between-group and weak within-group direct competition are labeled as resident-egalitar ian. Females are expected to be philopatric, with notably few agonistic relationship s and weakly developed cooperation between relatives. Lastly, resident-nepotistic-tolerant describes a system in which direct within-group and between-group competitive interactions are strong, coalitions are common, and philopatry is combined with stable relationships within a stable hierarchy. Dominants are generally much more tolerant of subordinates than in despotic social organizations .
Powerful tests of the ecological model have not proven a frequent achievement. Van Schaik's (1989) speci cations for suitable assessment were copious quantities of data on resource distributio n and abundance, within-and between-group competition regimes for food, predation risk, and female relationship s for taxa studied in pristine environments. Initial data available to assess the model were sparse and had a strong phylogeneti c bias, consisting largely of Old World primates, particularly cercopithecine and colobine monkeys (cf. Smuts et al., 1987) . Unfortunately, biased sampling can skew the interpretations of comparative studies to the point that conclusions are weak at best (Harvey & Pagel, 1991; Strier, 1994) . Nevertheless, numerous components of the ecological model have been substantiate d by a limited set of eld studies that control for phylogeny by making comparisons between closely related taxa within a subfamily (Chlorocebus aethiops and Erythrocebus patas, Isbell & Pruetz, 1998; Pruetz & Isbell, 2000) , congeners (Saimiri oerstedii and S. boliviensis, Mitchell et al., 1991) , populations (Semnopithecus entellus, Koenig et al., 1998 ; Papio anubis, Barton & Whiten, 1993; Barton et al., 1996) and troops (S. entellus, Koenig, 2000) .
Squirrel monkey tests of the ecological model
Squirrel monkeys are Neotropical primates of the genus Saimiri (Platyrrhini, Primates). Members of the genus are found primarily in tropical lowland rainforest throughout the Amazon basin with a southern extreme of Paraguay and a northern extreme of Guyana, with a small, disjunct distribution of S. oerstedii in Central America (Hershkovitz, 1984; Thorington, 1985; Boinski et al., 1998) . All Saimiri species are ecologically similar with respect to their habitat preferences, positional behavior, and food preferences (soft fruits, arthropods, and small vertebrates) (Terborgh, 1983; Boinski, 1987a Boinski, , 1988 Boinski, , 1989 Boinski, , 1999a Janson & Boinski, 1992) . The invertebrate and small vertebrate prey harvested by squirrel monkeys are distributed throughout the forest foliage at such low densities that indirect competition is the norm for this critical component of the diet (Boinski, 1988; Mitchell, 1990 ). Yet signi cant biogeographica l differences do exist across the range of the genus in the predominant plant families that bear the small, soft fruits that squirrel monkeys eat (Gentry, 1988; Terborgh & Andresen, 1998; Boinski, 1999a) .
Long-term eld studies of S. o. oerstedii at Corcovado, Costa Rica and S. b. boliviensis at Manu, Peru (Mitchell et al., 1991) provide support for the ecological model. The squirrel monkey species found in Costa Rica, S. oerstedii, has an egalitarian social organization, with neither sex apparently dominating the other, and negligible direct competition for food (Boinski, 1987a; . In this region, the plant families that bear the fruit preferred by squirrel monkeys typically grow in the form of shrubs or small trees and only a few fruits per plant tend to ripen each day (Gentry, 1988) . As a result, food patches are small and widely dispersed. Female social bonds are weak (Boinski, 1994) . Males are integrated into the troop and usually remain in their natal troop, while females emigrate before their rst mating season (Boinski & Mitchell, 1994; Boinski & Cropp, 1999) .
Among Saimiri boliviensis in Peru, females dominate males and form cohesive matrilines that cooperate in the acquisition and defense of food (Mitchell 1990 (Mitchell , 1994 Mitchell et al., 1991) . Fruit resources are more consistently available throughout the annual cycle and are presented in larger, more economically defendable patches within the range of S. boliviensis (Mitchell et al., 1991; Terborgh, 1983) . In this species, males typically are excluded by females from the troop core to the periphery of the troop. Also in contrast to the other species, S. boliviensis males are the only sex to emigrate, while all females remain with their natal troops (Mitchell, 1994) .
Our purpose in the present account is to expand this comparison to a third species of squirrel monkey for which the rst intensive eld study has recently been completed, S. sciureus at Raleighvallen, Suriname. All three study sites in our comparison, Raleighvallen, Manu, and Corcovado, are representative of typical habitats found within the distribution of each species. Each of the study sites has an intact array of predators (Boinski et al., 2000b) . There is also a broad ecological equivalence in the types of foods preferred and harvested by squirrel monkeys at all three sites (Boinski, 1999a) . Prior eldwork on S. sciureus has been limited to short-term ecological (Thorington, 1968 ) and anecdotal (Baldwin & Baldwin, 1971) reports of unhabituated animals. Additional ecological data are presented in papers on the community structure of the 8-species primate community at Raleighvallen (Fleagle & Mittermeier, 1980; Fleagle & Skopec, 1981; Mittermeier & van Roosmalen, 1981) . Studies of this species in captivity repeatedly demonstrate species-speci c, genetically based social organization and physiological responses strikingly distinct from those of S. oerstedii and S. boliviensis (reviewed in Costello et al., 1993; Boinski, 1999b) . Captive-born S. oerstedii and S. boliviensis exhibit, respectively, egalitarian and female-dominant social structures fully consistent with descriptions of comparable social behaviors among wild populations (Mitchell et al., 1991) . In contrast, captiveborn S. sciureus consistently display a male-dominant, linearly ranked social organization in which males are usually dominant to all females.
Preliminary eldwork at Raleighvallen and other sites in Suriname quickly con rmed that wild S. sciureus males typically dominate females (Boinski, 1999a; Boinski & Cropp, 1999) . We also discovered that the form of feeding competition experienced by wild female S. sciureus is markedly different from that prevalent for female squirrel monkeys at the other two sites. In this report will we provide S. sciureus eld data and relevant information from the literature comparable to that already collated in Mitchell et al. (1991) for S. oerstedii and S. boliviensis: food availability, distribution , and quality, the within-and between-group competitive regimes, and female dominance relationship s and residence patterns. With this information on the three species we examine whether food distribution affects the competitive regimes for food experienced by females and if those competitive regimes generate predictable social relationships as predicted by sociological models (van Schaik, 1989; van Hooff & van Schaik, 1992 Sterck et al., 1997) .
Since the initial report by Mitchell et al. (1991) , further eld and systematic data on Saimiri have become available. In addition to the completion of 3.5 years of eld work on the behavior and ecology of S. sciureus, comparisons of additional components of the social behavior and ecology of S. oerstedii and S. boliviensis have been published, including vocal interactions, mechanisms underlying the coordination of group travel, and dispersal patterns (Boinski, 1991 (Boinski, , 1994 (Boinski, , 2000 Boinski & Mitchell, 1992 Mitchell, 1994) . Most importantly, however, the alpha taxonomy of the genus Saimiri has been greatly clari ed (Boinski, 1999a; Boinski & Cropp, 1999; Cropp & Boinski, 2000; Cropp et al., in press) and the phylogeneti c relationships and divergence times between these three species have been reconstructed from molecular genetic and fossil data. These studies demonstrate that the Central American species is endemic, contrary to unsupported speculation (Hershkovitz, 1984) of S. oerstedii being a hybrid population of squirrel monkeys introduced from various localities in South America. Cropp & Boinski (2000) show S. oerstedii is a valid species, probably isolated by the vicariant event of the late Andean orogeny 3-5 million years ago. It must also be noted that unwary readers might be confused by the recent resolution of squirrel monkey taxonomy after decades of ambiguity. Until recently, when the rst molecular phylogeny of this genus was reported (Boinski & Cropp, 1999; Cropp & Boinski 2000) , all South American population s were commonly pooled into the species S. sciureus, with regional distinctions at the subspeci c level. Therefore, in most of the previous literature (i.e. Terborgh, 1983; Mitchell et al., 1991; Boinski & Mitchell, 1994; Mitchell, 1994) , the squirrel monkey taxon present at Manu, Peru was labeled S. sciureus. Currently, that Peruvian species is referred to as S. boliviensis, while S. sciureus is restricted to population s in the Guianan shield and northeastern portions of the Amazon basin.
Methods

Site description and site-speci c sampling methods
Saimiri oerstedii. The data on S. oerstedii were collected from an individually recognized troop studied by us in Parque Nacional Corcovado, Costa Rica from November 1983 through September 1984. The site is described in Boinski & Fowler (1989) and basic natural history is presented in Boinski (1987abc, 1989 Boinski (1987abc, , 1994 . Most of the data given for S. oerstedii in this report are taken from Mitchell et al. (1991) . The rst exception is that data are presented for the rst time on the number and rate of injuries exhibited by adult female and immature S. oerstedii troop members. Those injuries included in this collation represent only those incurred in within-troop social aggression, not predation attempts. The second exception is that data on the size of fruit patches exploited by the S. oerstedii study troop are presented in a manner more conducive to appropriate statistical analyses. The effective size of the fruit patch in which an individual S. oerstedii either ate or collected a fruit was de ned as the crown diameter of the plant, from herbaceous shrub through canopy tree. The crown diameters of individuals of some species of plants were never individually estimated because the diameters never exceeded 5 m (e.g. Piper friedrichstalli (Piperaceae), Lycianthes sp. (Solanaceae)). The crown diameter of all other individual plants from which S. oerstedii fed or collected fruits was assigned to one of 4 width categories (<5 m, 5-10 m, 10-15 m and >15 m). The frequency with which S. oerstedii exploited trees with crown diameters greater than 20 m was negligible. The mean individual allocation of time to various sizes of effective fruit patches was calculated based on 1012 samples of focal individuals. Each focal sample lasted a maximum of 1 h in duration. The cumulative number and variety of each plant species exploited for fruit during each hour-long focal sample across the 11-month study was used to calculate the cumulative distribution of effective fruit patch sizes harvested. Instances of resource-based aggression were collected ad libitum during over 3000 h of observation of the study troop.
Saimiri boliviensis. The general ecology of S. boliviensis and description of the study site in an undisturbed forest in Parque Nacional del Manu, Peru are presented in Terborgh (1983) and Mitchell (1990 Mitchell ( , 1994 . Population density data are from Terborgh (1983) . Demographic and dispersal data are from repeated censuses by Carol Mitchell of two troops of identi ed S. boliviensis from 1986 through April 1989. Mitchell collected all other ecological and behavioral data on S. boliviensis in 1028 h of observation of one troop from January through December, 1986. Feeding trees were assigned to one of six size categories based on crown diameter (<5 m, 5-10 m, 10-15 m, 15-20 m, 20-25 m, and >25 m). Because visibility of the monkeys was limited, behavioral data from this troop were taken ad libitum. A total number of 3225 visits by individuals to trees of the various crown sizes were recorded by Mitchell.
Data on the number and rate of injuries incurred by adult female and immature S. boliviensis in the course of within-troop social aggression were collated from Mitchell (1990) and personal communications to S. Boinski from C.L. Mitchell. Further discussions with C.H. Janson con rmed the general accuracy of these data.
Saimiri sciureus. The data on S. sciureus were collected from January 1998 though May 2000 at the Raleighvallen site (4 ± 0 0 N, 56 ± 30 0 W) within the Central Suriname Nature Preserve. The Central Suriname Nature Reserve comprises 1.6 million ha of primary tropical forest of west-central Suriname and protects the upper watershed of the Coppename River. Average annual rainfall is 2300 mm (Reichart, 1993) . The reserve's ora and fauna are intact and virtually undisturbed; no signi cant hunting has occurred in this century (Reichart, 1993) . There is a full component of potential predators for S. sciureus, including felids, raptors, and snakes. In addition to S. sciureus, the reserve contains seven other nonhuman primate species: brown capuchins (Cebus apella), wedge-capped capuchins (Cebus olivaceus); red howler monkeys (Alouatta seniculus), black spider monkeys (Ateles paniscus), white-faced sakis (Pithecia pithecia), bearded sakis (Chiropotes satanas), and golden-handed tamarins (Saguinus midas). Basic descriptions of the habitat use and ecology of S. sciureus at this locality can be found elsewhere (Fleagle & Mittermeier, 1980; Fleagle & Skopec, 1981; Mittermeier & van Roosmalen, 1981) .
The quantitative data reported here are the result of 1978 h of observation of the primary squirrel monkey study troop (GB troop). During this period troop size varied from 18 to 25 animals. All adult members and most of the immatures were individually identi ed either from black dye applied with squirt guns or from age and sex differences combined with scars and variations in facial color patterns. Although these data represent only a portion of the entire data set (the study of the primary and secondary study troop continued through May 2001), the descriptions and conclusions presented here are consistent with our other observations of squirrel monkeys in Suriname. Concurrent with the behavioral study, monthly phenology samples in the study site documented seasonal changes in arthropod abundance, fruit and ower availability and habitat structure. Here we only present a summary of the phenological data, but detailed analyses comparable to reports for the other study sites (Terborgh, 1983; Boinski & Fowler, 1989) are in preparation.
Note that the plant taxonomy employed in this report differs in numerous respects from earlier reports from this eld project (Boinski, 1999a; Boinski et al., 2000a) . Many scienti c binomials and plant family assignments have changed since van Roosmalen's (1985) fruit identi cation text for the Guianan plateau was published. We therefore employ a revised taxonomy recommended by van Roosmalen (van Roosmalen, pers. comm. and unpublished manuscript).
The eld situation encountered in the Surinamese study differed in an important respect from the previous studies. Although the study troops at Raleighvallen were as fully habituated as those at Manu and Corcovado (Boinski, pers. obs.) , the dense liana forest habitat (Mittermeier & van Roosmalen, 1981; Boinski, unpubl . data) preferred by S. sciureus prevented reliable location and extended observation of individual troop members. Randomized observations of recognized individuals (Altmann, 1974) were not feasible. Visual contact with more than 8 troop members at any one moment was uncommon despite a typical group spatial dispersion of only 20 to 40 m in diameter. The dense forest cover increased the likelihood that instances of fruit harvesting by troop members were not documented.
As a consequence of reduced visibility, we had to employ a different protocol from both the S. oerstedii and S. boliviensis studies to evaluate the foraging time allotted to effective fruit patches exploited by S. sciureus in Raleighvallen. The rst step was to subdivide each hour of observation into four sample periods, each of 15-minutes in duration. For each 15-minute period the species of fruits harvested by at least one troop member was tallied. A total of 1173 such 'fruit-eating' events was documented and each fruit species that was eaten within a period was treated separately. In other words, if one troop member was observed eating a Mendoncia (Mendonciaceae) fruit and ve other troop members ingested Inga (Mimosoideae) during the 15-minute sample period, one Mendoncia 'fruit-eating' event would be tallied as well as one Inga 'fruit eating' event.
The total period one or more members of a S. sciureus troop continuously harvested fruits from an individual plant was usually less than 5-10 minutes. As the troop often traveled rapidly, it was not usually feasible for eld observers to measure the crown diameter of every plant from which fruit was harvested. Therefore, for expediency, we used the distribution of crown diameters for individuals of those plant species represented in the phenology study to estimate the crown diameters of plants harvested by S. sciureus. The cumulative distribution of fruit crowns harvested by troop members was then estimated by summing the numbers of fruiting plants exploited by at least one troop member within each 15-minute period across the entire 1978 h of eld observations. Any particular fruit species could be counted only once within any 15-minute period. Less than 10% of individual fruiting plants (trees, shrubs or lianas) were exploited in two or more sequential 15-minute periods.
The S. boliviensis and S. oerstedii eld studies estimated effective fruit patch size distributions by equating a patch with the diameter of the fruiting tree crown in 5-meter wide size increments. But this measure alone is not informative for S. sciureus. The size distribution of fruiting tree crowns in Suriname exploited by squirrel monkeys was fairly homogenous over the rst four categories of patch sizes (<5 m, 5-10 m, 10-15 m, and 15-20 m), and dropped off dramatically at larger crown sizes (unpublished data). Yet the biologically relevant patch size for which social interactions among S. sciureus determined access was almost always much smaller than the fruiting crown of a plant. Generally, patches consisted of a single fruit clump less than 1 m, and often smaller than 10-20 cm in diameter. In some species, particularly those with widely spaced branches, such as Cecropia (Cecropiaceae), access to fruit-bearing branches was defended. The only fruit-bearing tree crowns defended in their entirety, such as Talisia meagaphylla (Sapindaceae) and Garcinia benthamiana (Clusiaceae), were small and rarely exceeded 2 m in diameter. Therefore, statistical analyses were performed on the distribution of the effective patch sizes within each species of squirrel monkey, rather than on the actual crown sizes. The crown size of the fruit species harvested by S. oerstedii and S. boliviensis was equated to their effective patch size. To transform actual crown size to effective patch size for S. sciureus, each fruit species was assigned to a category of fruit patch size based on the diameter of the area typically defended by S. sciureus. As a result, nearly all effective fruit patches visited by S. sciureus were assigned to the <5 m size category, because individual S. sciureus never defended a patch area larger than 5 m in diameter.
Instances of social aggression among S. sciureus were recorded ad libitum. Limited visibility due to heavy liana and vine cover restricted the collection of portions of the contextual data regarding social interactions. Even observations only a few meters away were often missing some or all of the information on the identity of the participants, the stimuli, and the outcome. Consequently, our tabulation of the instances of within-group social aggression contains data with varying levels of speci city. Approximately 50% of the aggressive interactions were brought to the observer's attention partially or completely due to the loud, acoustically distinctive vocalizations produced by S. sciureus in contexts of intragroup agonistic interactions: 'cackles', 'spits', 'churs', and 'shrieks.' This set of calls is reliably emitted in the course of aggressive interactions by one or all participants in studies of S. sciureus in captivity (reviewed in Newman, 1985) . Our eld experience corroborates that these vocalizations are often produced during aggressive interactions, especially those interactions in which agonistic physical contact (bites, ghts, lunges) occurs. Displacement and avoidance interactions transpire, however, unaccompanied by any speci c vocal signal. The context of aggressive interaction was con dently identi ed for approximately 25% of cases. Similarly, for about 25% of aggressive interactions, one or both participants were identi ed to individual or age and sex class.
There are two obvious sources of bias (Altmann, 1974) in our sample. Both types of sampling error would tend to reduce estimates of the number and rate of social agonism relative to the true values. First, for approximately the rst eight months of observations, instances of social aggression were not consistently noted. Second, there is an underrepresentation of displacement and avoidance interactions (i.e. those interactions which were rarely accentuated by accompanying vocal signals). In other respects we believe that our data set is a reasonable representation of the true pattern of intragroup social aggression. We also note that those sampling biases that exist in our sampling of S. sciureus behavior are consistent across the multiple years of our entire study. When considered separately by year, observations from 1996 and 1998-2001 produce strikingly similar results for the forms and frequency of female social interaction (Boinski, unpubl. data) .
Numerous injuries were documented among adult female and immature members of the S. sciureus study troop. For a portion of these injuries we were also able to document their source. None of these injuries appeared likely to have been in icted by a predator, but were consistent with the wounds received during within-troop social aggression.
Statistical analyses
Although different techniques were employed to estimate the amount of time individuals of each species allocated to different sizes of fruit patches, we were able to collate and condense the data from all three species into six classes of effective fruit patch sizes. A non-parametric two-sample Kolmogorov-Smirnov test was used to compare the distributions of time spent in the various effective patch sizes for each pair of species (Mitchell et al., 1991) . The Kolmogorov-Smirnov test is used to compare differences between two distributions and is sensitive to such parameters as location, dispersion, and skewness of the distributions (Sokal & Rohlf, 1995) . The large sample size approximation (Sokal & Rohlf, 1995) was used to evaluate the statistical signi cance of the test statistics.
Results
Ecological comparisons
Most of the ecological comparisons that can be made between S. oerstedii, S. boliviensis, and S. sciureus do not result in strong contrasts (Table 1) . Both sexes of S. oerstedii and S. sciureus are about the same size and slightly smaller than S. boliviensis. All three species have annual synchronized reproductive seasons in which males can gain more than 20% of their body weight (Boinski, 1987c) . Animals at all three sites are virtually indistinguishabl e in positional behaviors and preferred locomotion substrates (Boinski, 1989) . Squirrel monkeys travel primarily by walking quadrupedally on the top of and leaping on and between their preferred substrates, thin branches and lianas 1-2 cm diameter (Terborgh, 1983; Boinski, 1989) . The three species appear to exploit comparable ecological niches and, not surprisingly, appear 'engineered' for the same ecological tasks (Janson & Boinski, 1992) .
All three sites have virtually undisturbed predator communities. Raptors are the major observed cause of mortality for both S. oerstedii and S. boliviensis. Initial eld studies led to the conclusion that their small size combined with the conspicuous branch movements generated by their foraging and locomotor activities make squirrel monkeys highly susceptible to predation, especially by raptors (Boinski 1987b; Mitchell et al., 1991) . Antipredator adaptations appear to pervade squirrel monkey morphology and behavior (Boinski, 1988 (Boinski, , 1999a Boinski et al., 2000b) . Surprisingly, no successful predation of S. sciureus in intact forests has been observed in Raleighvallen in well over 3000 h of observation since 1996, although the successful predation of a golden-handed tamarin (Saguinus midas) by an ornate hawk eagle (Spizaetus ornatus) was witnessed. Also, the cranium of a capuchin monkey (Cebus apella or C. olivaceus) was found with what appeared to be a canine puncture by a felid as the immediate cause of death. From January 1998 through May 2000 we documented over 1500 aerial predator alarms and 400 terrestrial predator alarms by squirrel monkeys at Raleighvallen. Many of these alarms appeared warranted because of the threat of attack, or at least close approach, of predator species documented to be successful predators elsewhere (Boinski, in prep.) . Indeed, during a 6-year long eld study at a Guianan cock-of-the-rock (Rupicola rupicola) lek at Raleighvallen, Trail (1987) found the males of the lek to be highly vulnerable to predation by raptors and snakes. The preponderance of ecological differences across the three species is best explained by regional variation in nutrient availability and consequent effects on overall food abundance, plant biogeography and habitat structure.
Differences in nutrient availability are ultimately due to the mosaic of soil types now found in the Neotropics as a consequence of its diverse geological history (Junk, 1997; Terborgh & Andreson, 1998; Peres, 1999) . Soils of Eastern Amazonia and the Guianas (including Suriname) are nutrient poor and highly weathered as they are derived from ancient Precambrian shields. Central Amazonian soils originate from strongly weathered tertiary marine deposits, which are also exceptionally poor. In contrast, the soils of Western Amazonia (including Peru, Colombia and Venezuela) are much younger and more fertile than Central or Eastern Amazonia as they were produced during the Andean orogeny in the Miocene. Central American soils also have a recent volcanic basis and high fertility relative to the soils of Eastern and Central Amazonia and the Guianas. Soil fertility has profound consequences for the amount of macronutrients available to plants in different forest types and, in turn, to the overall productivity of vegetative and reproductive plant parts that can be harvested by primary consumers, including primates (Kay et al., 1997) .
Numerous studies in Guyana, Suriname and French Guiana rank these forests as low in leaf and fruit productivit y relative to other South and Central American regions, including Costa Rica and the Peruvian Amazon (ter Steege, 1993 Steege, , 2000 Toriola et al., 1998; Lehmann, 2000; ter Steege et al., 2000; Stevenson, 2001) . Preliminary analysis of the fruit phenology data from S. sciureus study at Raleighvallen, Suriname (Boinski, unpubl. data) together with published food availability data from the sites in Peru and Costa Rica (Terborgh, 1983; Boinski, 1988 , Boinski & Fowler, 1989 ) and Boinski's experience at all three sites are consistent with this generalization and are summarized in Fig. 1 . The clear pattern is that that the overall fruit abundance is greatest and seasonal uctuation in abundance is least for the site in Peru, followed in descending order by Costa Rica and Suriname. An arthropod phenology study at Raleighvallen was conducted from May 1998 through May 2001 in Suriname (Boinski, in prep.) . It was designed to be comparable to that conducted as part of the squirrel monkey eldwork in Costa Rica (Boinski & Fowler, 1989) . At both the Costa Rican and Surinamese study sites three different types of arthropod of arthropod samples were collected at each of 10 sample 5 £ 5 m 2 quadrats. Two of the sampling techniques were designed to estimate arthropod abundance on live foliage and the third estimated arthropod abundance associated with dead foliage. These two studies robustly indicate that overall arthropod abundance is greater in Costa Rica and the seasonal nadir in abundance less prolonged than in Suriname. Arthropod abundance data are not available from Manu, but Boinski's (unpubl. data) qualitative efforts to estimate arthropod availability over a several month period in Manu strongly suggest that overall arthropod availability was at least as great in Manu as in Corcovado, and probably greater. The density of S. sciureus at Raleighvallen was less than half of that of S. oerstedii in Costa Rica and less than a quarter of that of S. boliviensis in Peru. This observation is consistent with the predicted linkage between a lower primary productivit y in the Guianan shield and a reduced biomass of primary consumers, including that of primates (Kay et al., 1997; Peres, 1999; Stevenson, 2001 ). The categories of foods harvested by squirrel monkeys at the three sites were broadly similar. Yet strong evidence suggests that S. sciureus has a broader niche breadth, as foods of markedly low nutrient quality were commonly ingested, perhaps as a consequence of a lower abundance of preferred food items. Saimiri sciureus appear to prefer the berry-like fruits, nectar, Lepidoptera, Orthoptera, spiders, and the occasional small vertebrates that comprise the diet of S. oerstedii and S. boliviensis. A signi cant component of the diet of S. sciureus in Raleighvallen, however, was bamboo shoots, supplemented by the occasional plant shoots, tendrils, and tender leaves of other plant species. All troop members, with the exception of nursing infants, could spend several hours each day pulling young leaf shoots from shrubby bamboo (Bambusa spp., Graminae) and eating the tender white pith extracted from the tough outer sheaths. Neither study of the other species reported a squirrel monkey eating non-reproductiv e plant material. In fact, Janson & Boinski (1992:489) state, ': : : non-reproductiv e parts of plants are essentially absent in the diet of Saimiri. ' Low fruit availability could last for periods of up to six months in duration for S. sciureus at Raleighvallen. During such periods, no single clump of fruit was large enough that all troop members could feed upon it, either simultaneously or sequentially. Consumption of any fruit type occurred in only about 12% of the 15-minute time periods recorded during a typical day for S. sciureus in Raleighvallen. The effective cumulative time a typical S. sciureus in Raleighvallen could allocate to fruit eating each day was probably far lower, less than 3% of time, since only the highest social dominants obtained reliable access to effective fruit patches (see below) and effective fruit patches were quickly depleted. In contrast, focal samples of S. oerstedii and S. boliviensis troop members estimated that 11% of an individual 's time was spent ingesting fruit.
The plant taxa contributing signi cant amounts of fruit to the squirrel monkey diet differ markedly between the three species. This is because of biogeographi c differences across the Neotropics in the distribution , diversi cation, and fruit dispersal strategies of plant taxa (Hammond & Brown, 1995; Terborgh & Andreson, 1998; ter Steege et al., 2000) bearing the subset of fruit that can be processed by Saimiri. Plant families emphasized in the diet of S. oerstedii were Melastomataceae, Rubiaceae, Piperaceae, and Verbenaceae. Key fruit resources for S. boliviensis included Ficus (Moraceae), Ardisia (Moraceae) and Scheelea cephalotes (Arecaceae). In Suriname, the fruit taxa most frequent in 'fruit-eating' events were species of Inga (Mimosoideae), followed by Pouroma (Cecropiaceae), Tetragastris and Protium (Burseraceae), Cecropia (Cecropiaceae), Mendonica (Mendonciaceae), Cordia (Boraginaceae) Guatteria and Duguettia (Annonaceae), Talisia (Sapindaceae), Pouteria (Sapotaceae), and Maximiliana maripa (Arecaceae).
The typical temporal and spatial presentation of ripe fruits within the crowns of fruit plants varies across the three squirrel monkey species. Fruit resources exploited by S. oerstedii tend to have a few small fruits ripen each day within small fruit crowns. Over 70% of fruit crowns harvested by S. oerstedii are less than 5 m in diameter and another 20% vary between 5-10 m in diameter. In contrast, fruit species used by S. boliviensis tend to have crowns more than 20 m in diameter, which account for 43% of their fruit feeding time. The crown diameter distributio n of the effective fruit patches harvested by S. sciureus ( The primary fruit resources for S. sciureus are markedly clumped within a tree crown. Frequently, a distinct raceme or panicle of fruits ripen at the same time, with little overlap in the ripening of other such infructescences in the same tree (i.e. Pouroma, Tetragastris , Protium, Cecropia, Guatteria, Duguettia, Cordia, and Maximiliana) . Some of the primary fruit sources have pods, which necessitate considerable time and effort to open (Inga), often occur on widely separated branches which can be readily defended by an individual squirrel monkey positioned where the branch joins the main trunk (Pouteria), or they occur as a tree crown (Talisia) or vine (Mendoncia) with the entire fruit crop presented in a span of one to two meters (see van Roosmalen, 1985 for further information). It is also worth noting that most Inga species present in Raleighvallen produce pods that are typically larger and much more sturdily husked than Inga species in Costa Rica and Peru (Boinski, unpubl. obs; see van Roosmalen, 1985 for illustrations) . This is probably an adaptation to the poor soils and relatively greater environmental stability (which engenders a lower level of forest disturbance and light-gap production) in the Guianan Shield which makes producing large seeds advantageous for the plant (Hammond & Brown, 1995; Terborgh & Andreson, 1998) Large-seeded plants, furthermore, often invest additional morphological structures to protect the seeds from seed predators (see Boinski et al., 2000a for an expanded discussion) . At Raleighvallen, many common Inga species have fruit pods that cannot be reliably be removed from the tree by even the largest adult male squirrel monkeys. Oftentimes, Inga pods must be opened and the pulp extracted while the pod remains rmly attached to the tree. Such extraction of attached pods is only possible where propitious positioning of branches allow S. sciureus a close, stable substrate from which to process them. Even when pods can be removed from branches, adult S. sciureus often must attempt to open multiple pods before achieving success. Thus, accessible Inga pods are effectively more heterogeneously distributed within the tree crown for S. sciureus than for the other two species of squirrel monkeys. Consequently, the reward for usurping control of an opened Inga pod from a subordinate is likely much greater for a member of a S. sciureus troop than for the other two species. A critical repercussion of these robust differences in fruit presentation pertains to foraging party size (Table 1) . Whereas 3 to 4 S. oerstedii often amicably fed in the same small fruit effective patch (equivalent to the tree crown) and 17-18 S. boliviensis typically cooperatively defended and shared effective fruit patches (equivalent to the tree crown), the typical foraging party size for S. sciureus was one. Mothers rarely tolerated even their infants' near vicinity in a fruit patch once the infant was older than about 6 months of age.
Behavioral comparisons
Behavioral comparisons among the three population s are presented in Table 2. Direct between-group competition was unimportant for either S. oerstedii or S. boliviensis. Overlap of troop ranges was extensive and direct contests between troops were never observed. Saimiri oerstedii troops tended to avoid one another and only once in >3000 h of observation was the perimeter of two troops closer than 50 m for more than 5 minutes. Saimiri boliviensis troops neither avoided nor actively joined one another, and several troops (Terborgh, 1983) . Occasionally two troops of S. boliviensis fed simultaneousl y in adjacent crowns heavily laden with fruit. In striking contrast, S. sciureus in Raleighvallen is territorial. On an annual basis, maximum overlap of the ranges of adjacent troops probably varies between 30-40%, but on a daily basis overlap in ranging areas is negligible. Encounters between troops are usually agonistic with vigorous threats and occasional vicious attacks. Antagonistic interactions most commonly occur in prime foraging areas. On several, but not all occasions, males attempted forcible copulations with females of the other troop in the course of these aggressive inter-troop encounters.
Resource-based agonism of known context among the three squirrel monkey species was most frequent for S. sciureus with an hourly rate of 0.329 event/h compared to 0.286 event/h for S. boliviensis and a scant 0.004 event/h for S. oerstedii. When the hourly troop values for aggression of known context is weighted by relative troop size, however, S. sciureus has levels of aggression incurred by the typical troop members 50% higher than S. boliviensis (Fig. 3) . The rate of aggression for S. sciureus is likely to underestimate the true value because we were unable to assign most antagonisti c interactions to context because observation conditions were poor. Of the total 3690 number of within-troop aggressive interactions documented, context could not be assigned in 2853 instances (Fig. 4) . Resource competition, in turn, was the stimulus for the large majority (651 of the 837 or 77%) of aggressive interactions of known context. Play squabbles and agonistic sexual interactions account for the remainder. It is plausible that a similarly large proportion of the agonistic episodes of unknown context actually represented resource-based aggression. The few instances of direct con ict over resources among S. oerstedii concerned large invertebrates and small vertebrates, bird eggs and edglings. Ninety-ve percent of resource-based aggression among S. boliviensis was over access to fruit resources with the remainder over access to invertebrates. Among the 837 documented instances of within-troop aggression in Raleighvallen most (651) pertained to determining access to resources. Fruit patches were the most common source of resource-based con ict (71%), and location (15%) was the second. About 1% of within-group resource-based aggression concerned priority of access to natural water sources, usually in natural basins formed in tree crotches.
Saimiri oerstedii females did not form dominance hierarchies or participate in coalitions. They also did not form long-term social bonds. All female S. oerstedii emigrated from their natal troop before their rst mating season when they were approximately 2.5 years of age (Boinski & Mitchell, 1994) . Adult female S. oerstedii were also likely to switch troops if their infant died.
Among S. boliviensis, coalitions were formed in 22.8% of resource-based con icts. The size of the effective fruit patches affected the probability of coalition formation in S. boliviensis. During direct competition for fruit involving adult females, coalitions were formed in only 18.4% (25 of 136) of aggressive interactions in effective fruit patches <5 m in diameter. In contrast, in fruiting trees of 2-25 m diameter 50% (11 of 22) of aggressive interactions involved the formation of coalitions (Â 2 D 9:88, df D 1, p < 0:002). Female S. boliviensis never emigrated from their natal troop (Mitchell 1994) . They formed stable, linear, matrilineal dominance hierarchies matrilines (Mitchell, 1990 (Mitchell, , 1994 Boinski & Mitchell, 1992) .
Saimiri sciureus represents a third constellation of female resource competition, coalition formation and residence patterns. Of the entire set of 651 instances of direct competition for resources documented at Raleighvallen, 182 interactions had a known outcome and involved one or more adult or juvenile females (Fig. 5) . All of these interactions involved resources of less than 3 m, and usually 1 m, in diameter. Coalitions in resource competition were rare; females participated in coalitions during food-related disputes on 5 occasions (2.7%). Adult female S. sciureus and immatures of both sexes sustained 6 severe wounds in 29 months during direct contest competition for resources, both from the canines of fellow troop members in contests and from falls during contests and attempts to ee. During this same 29-month period, we also documented an additional 51 wounds among the adult female and immature troop members for which the in iction of the injury was not observed. This set of injuries of unknown source, however, represented an array of injuries on the head, tail, and limbs, and limps completely consistent with what we observed in icted by troop members during resource competition. In Costa Rica, for example, attacks by raptors resulted in the backs of S. oerstedii sustaining the most serious and predictable injuries (Boinski, unpubl. data) . Female S. sciureus and their kin would appear to obtain potentially great bene ts from coalitions if only for a reduction in the number and severity of their wounds and concomitant injuries.
In contrast, no S. oerstedii or S. boliviensis was injured during withingroup contests for food resources (Boinski, 1988; Mitchell, 1990) . For each of these species only one instance was observed of an adult female being wounded in the course of within-troop social aggression by a fellow troop member, and no instance is known of an immature troop member being injured. One female S. oerstedii received a cut on her leg while being mobbed by males attempting to evaluate her estrous state by olfactory investigatio n (Boinski, unpubl. data) . A juvenile female S. boliviensis injured her leg while she and other female troop members attacked an adult male who had apparently approached an infant too closely (Mitchell, 1990) . We were able to establish a predictable rank ordering by age and sex class: adult males > adult females > juveniles > yearlings > infants. We did not observe enough interactions among known females to construct a dominance hierearchy, but the most dominant females never lost contests with putatively subordinate females. Mothers were never observed to intervene on the behalf of an offspring involved in an aggressive social interaction. Over the 3.5 year duration of the Raleighvallen eld study, at least ve females emigrated into the GB study troop and one female accompanied by her yearling emigrated from the GB troop into the WB troop. No resistance by resident females to the in ux of non-resident females was noted.
Discussion
We exploited the comparable sets of ne-grained behavioral and ecological data collected in long-term studies of three species of squirrel monkeys to test fundamental predictions underlying the predominant ecological model of primate social evolution. The overarching question that provokes our research is the same that prompted Wrangham's (1980) and van Schaik's (1989; van Hooff & van Schaik, 1992 classic studies and many of our colleagues' since then: What ecological factors underlie the exhibition of close, stable af liative bonds among females of some species and populations but not others? Speci cally, we tested the proposed two-tiered mechanism that is central to the ecological model as proposed by van Schaik and associates. The rst prediction is that food distributio n affects competitive regimes for food experienced by females. This leads, in turn, to the second prediction that these competitive regimes generate predictable patterns of female social relationships and residence. Table 3 summarizes the information we presented on the competitive regimes and categories of female social relationship s from the three species of squirrel monkeys. We also label the social outcomes by the terminology employed both by Wrangham (1980) and Sterck et al. (1997) . Wrangham (1980) not female bonded female bonded not female bonded Sterck et al. (1997) dispersal egalitarian resident nepotistic no equivalent
Does the foraging landscape affect competitive regimes?
The ndings in this report strongly support the initial prediction that food distribution patterns affect competitive regimes for food. Enormous challenges are inherent in quantifying the food distributio n and abundance needed for robust tests of the ecological model (Sterck et al., 1997; Koenig et al., 1998) , especially that most elusive unit, the 'patch' ( Barton & Whiten, 1993) . Factoring out phylogeneti c bias in this three-species squirrel monkey study, however, provides us with compelling evidence that overall food availability and typical patch size varies across the species. Concerns about comparability become minimized when, as in the squirrel monkey system, species exhibit few distinction s in morphology and ecological niche. Patch size distributions were readily operationalized by eld observations . Between-species disparities in overall food abundance and the distribution of patch sizes appear to have generated marked species differences among squirrel monkeys in the defendability and value of fruit patches and the individual strategies employed to obtain access to these patches. A key component of the ecological model is that predation risk makes group living advantageous, thus engendering costs in within group-food competition (van Schaik, 1989; van Hooff & van Schaik, 1992 . Without predation risk, the sizes and cohesion of groups should be minimal and food competition absent, regardless of food distribution . Abundant and diverse predator communities present in the habitats of all three species of squirrel monkey likely makes solitary foraging or small foraging subgroups for these primates a risky strategy under most circumstances (for review see Boinski et al., 2000b; Boinski & Garber, 2000) . Nevertheless, despite many hours of observation at Raleighvallen we have not yet documented a successful predation attempt on S. sciureus in undisturbed habitat. We believe the numerous documented instances of successful predation of S. oerstedii and S. boliviensis re ect a truly enhanced risk of predation for individual s of these two species relative to S. sciureus. Other portions of the data harvested during our eld study in Suriname indicate strongly that the low rate of successful predation on S. sciureus is due to the protection from aerial raptors afforded by the thick vine and liana cover in the preferred habitats (Boinski, in prep.) . Realistic constraints on the length of this report prevent addressing in detail the repercussions of reduced predation risk on the social relationship s among female S. sciureus here. But in a forthcoming manuscript we argue that variation in predation risk is one of the critical factors underlying the differences in typical group sizes across the three species of species (Boinski, in prep.; see Table 1 ). The speci c form of female-female social relationships is probably not directly affected by the relative predation risk once this risk rises above a minimum threshold.
In terms of within-group direct or contest food competition, S. boliviensis females encounter a foraging landscape with the greatest overall amount of arthropod and fruit abundance, with fruit being distributed in large, dense patches, too large for any one individual to control, much less monopolize. The formation of matrilines that cooperate in direct aggression to acquire foraging opportunitie s is fully in accord with the ecological model. Once access is obtained, patch yield is usually suf ciently large to permit all matriline members (and often additional matrilines and even other troops) to harvest unfettered from further social interference. On the other hand, fruit patches available to S. oerstedii in Costa Rica are tiny and skimpy, with overall food abundance lower than that found in Peruvian habitat of S. boliviensis. The few small ripe fruits available within any one patch can be harvested, processed and ingested by one individual rapidly (Boinski, pers. obs.) . The typical fruit foraging situation faced by S. oerstedii offers few instances when the risk of physical aggression is warranted relative to the potential bene ts. Indeed, abundant data from this species indicate the importance of indirect, scramble, or exploitatio n foraging competition, but nearly nonexistent direct competition (Boinski, 1988 (Boinski, , 1994 .
In marked contrast to the rst two species, the within-group contest competition regime for fruit experienced by S. sciureus females in Suriname is intense, erce and occurs at the highest rate among the three studies. The effective fruit patch sizes are usually very tiny making it possible for one squirrel monkey with the greatest resource holding potential (Maynard Smith & Parker, 1976) to monopolize access to nearly any patch. Overall food abundance for S. sciureus, furthermore, is much lower than typical for S. boliviensis and S. oerstedii, thus making access to any speci c patch likely of much greater foraging value for S. sciureus. The escalated physical contests commonly found among S. sciureus are thus readily explained, although severe aggression for access to food resources is usually rare among female primates (Walters & Seyfarth, 1987; Silk, 1993) . In the foraging landscape typical of S. sciureus, fruit patches, although at low density and small diameter, are high quality and any individual patch plausibly represents a signi cant increase in the quality and quantity of fruit intake of a squirrel monkey for that day. In this situation coalitions to defend or acquire access to fruit patches is unlikely to be stable (Boinski, 1999a) . The foraging bene ts would be great to 'cheaters,' individual s of great resource holding potential who form an alliance but subsequently renege on sharing the resource once control is gained.
Between-group contest competition was initially identi ed by Wrangham (1980) as an important factor making group living advantageous for female-bonded primates. Since then, a large body of eldwork suggests that between-group contest competition has smaller effect on the foraging success of a typical female primate than does within-group contest competition (Janson, 1988; Cheney, 1992; Barton & Whiten, 1993; Koenig, 2000) . Our squirrel monkey comparison further reinforces this generalization. No evidence for between-group contest competition for fruit resources was found among S. oerstedii or S. boliviensis and overlap in ranging areas with conspeci c troops was extensive for both species on a daily basis. On the other hand, S. sciureus troops not only had minimal overlap in foraging routes, especially over the short term, but highly aggressive encounters occurred between troops. The focus of S. sciureus territorial encounters was on foraging areas with a diversity and abundance of food resources, not speci c fruit patches or trees. Our data are also consistent with Isbell's (1991) observation that among primates, within-group food competition is most immediately affected by the distribution of food resources but food abundance determines between-group competition.
Do competitive regimes for food generate predictable social responses among females?
Our nding in terms of the second tenant of the ecological model, namely that competitive regimes generate predictable patterns of female social relationship s and residence, is contrary to that initially reached by Boinski (1999a) . In that preliminary report she suggests that the weak, nonaf liative social bonding exhibited by female S. sciureus, despite intense direct withingroup aggression over access to food patches, does not support this key prediction linking within-group contest competition with female af liation, coalitions, and philopatry. Instead, we argue that the lack of female bonds in S. sciureus is best accorded to an unusual contingency that could not be realistically incorporated at the outset in a model attempting to address the range of female social relationship s across all primate taxa. Our ultimate conclusion is that the ecological model proposed by van Schaik and his colleagues is remarkably successful in explaining the variation in female social relationship among three squirrel monkey congeners. Boinski's (1999a) rejection of the ecological model when tested with preliminary data from the Raleighvallen eld study of S. sciureus was the result of a too close and literal reading of van Schaik and associates (1989; van Hooff & van Schaik, 1992 Mitchell et al., 1991; Sterck et al., 1997) . In these publication s the model is framed in terms of intense withingroup resource competition leading to close female social af liation, coalition formation, and philopatry. No quali cation is made that resources must be 'sharable' before coalitions and the associated adaptations are benecial strategies. Yet Wrangham (1987:289) The effective fruit patch distribution and competitive regime encountered by S. sciureus is well described as 'usurpable' by individuals (Isbell & Pruetz, 1998; Pruetz & Isbell, 2000) . A higher-ranking troop member can predictably displace a subordinate from a highly desirable fruit patch. This can be contrasted with the largely 'non-usurpable ' competitive regime experienced by all three squirrel monkey species for the other major diet category, small invertebrate and vertebrate prey items. Such animal prey represents desirable, small food patches heterogeneousl y distributed in the habitat. But unlike fruit patches, invertebrates prey patches can usually be quickly depleted (harvested, processed, and ingested) by individual squirrel monkey before other troop members can intervene (Boinski, 1988; Mitchell et al., 1991; Janson & Boinski, 1992) .
Thus, if adjusted slightly, the ecological model as presented by van Schaik and colleagues comfortably encompasses the S. sciureus eld data. Inclusion is needed of the explicit condition that within-group contest competition is expected to lead to female nepotism and philopatry only if food patches can be reliably shared by all partners in a coalition. The categorical scheme for female social responses to contest competition presented by Sterck et al. (1997) currently does not have a suitable category for the S. sciureus female social relationship s (Table 1) . That formulation of the ecological model could be tweaked by the addition of another parameter or two, thus generating a still larger number of potential categories. But is such ner and ner 'tuning' of a general model a worthwhile quest in efforts to understand the ecological basis of primate social relationships? Models such as the ecological model should not be critiqued if they do not a priori specify every potential outcome. Simultaneous realism, generality, and precision are dif cult to incorporate into a single, all-encompassin g model. Instead, models are best exploited to explore and organize the consequences of what is and is not understood and to facilitate formulation of new questions (Levins, 1966; Winterhalder & Smith, 1992) .
Why are squirrel monkeys so consistent with the predictions of the ecological model?
Success of the two primary premises of the ecological model to account for variation in the social relationship s of females among three species of squirrel monkeys hardly warrant the model's acclaim as a suf cient deterministic explanation for the range of variation across all species. The recent literature is rife with comparative studies of the socioecology of primate behavior in which the ecological model's explanatory power is weak in one or more respects (e.g. Starin, 1994; Parish, 1996; White, 1996; Henzi et al., 1997; Sterck, 1999; Strier, 1999; Cords, 2000; Koenig, 2000) . This leads to the question of why the ecological model provides apparently such a robust mechanistic explanation for the three-species squirrel monkey comparison and less precision in its predictions with other primate systems. One key factor is undoubtedl y phylogeneti c inertia, the bane of many comparative studies (Kappeler, 1999) . Using closely related taxa, whether representing genera, species, or population s is a highly effective strategy to control phylogeneti c effects (Boinski, 1999b) . The phylogeny and biogeography of squirrel monkeys are relatively well de ned. Major geological vicariant events isolated and largely maintained isolation of squirrel monkey population s within a large, relatively homogeneous climatic zone. No major disruptive selection occurred diversifying the morphology or basic ecological niche breadth of the three congeners. Another factor of possible equal import is that squirrel monkeys are small animals, about a kilogram and usually less. For arboreal mammals of small body size and the consequential high metabolic demands and susceptibilit y to predation, the potential diversi cation of individual -and species-level behavioral and physiologica l strategies to accommodate varying levels of within-group contest competition is probably limited relative to larger taxa (Terborgh, 1985) . Finally, we also suspect that by propitious happenstance many of the other factors thought to affect signi cantly the evolution and ecology of primate social relationships in addition to food competition regimes are simply of reduced in uence in the squirrel monkey system, including infanticide and habitat saturation (Sterck et al., 1997) , grooming (Seyfarth, 1977; Barrett et al., 1999) , and reconciliation (Silk et al., 1996; Aureli & de Waal, 2000) .
We now return to the basic question -how to best complement models of the ecological basis of social relationships among females and to explain speci c cases of variation in female social relationships. We offer no nal resolution to this issue, but at least one strategy seems worthwhile in the absence of clearly better alternatives. The initial step is identifying a comparative data set of taxa with close phylogenetic relationship s detailed to the greatest extent possible. The second phase is to test sequentially the list of factors described above that are posited to affect the outcome of female social relationships. Next it is useful to consider the consistency of the factors identi ed as in uencing female social behavior with those affecting male behavior. Finally, given that a reasonably stable causal parameter list has been identi ed thus far, test this set of variables with data from additional related taxa not included in the rst iteration.
Conclusion
As formulated by van Schaik and his associates, two factors together form a key mechanism that generates variation in the social relationships of female primates. First, food distributio n affects the competitive regimes for food experienced by females and, second, those competitive regimes generate predictable social relationships among females. Signi cant predation risk, moreover, is a critical precondition within which the ecological model operates. The data from the squirrel monkey comparative study robustly supports this model. Fieldwork from a number of other species also supports the general validity of ecological model; yet the social outcomes t predictions less completely. Instead of looking for perfectly precise congruence between the ecological model and the fascinatingly diverse range of female social relationship s among primates and many other social taxa, we encourage a more pragmatic perspective. The ecological model undoubtedly represents an important mechanism that in uences the social patterns exhibited by all, or nearly all, primates. But many other factors also concurrently act upon primate social systems, including infanticide risk, habitat saturation, predation risk, phylogeny, stochastic events. Social systems emerge from relationship s between individuals and the panoply of variables in uencing their individual behavioral strategies (Hinde, 1983) . We need not seek the grail of a single unitary model to explain the variation of female social relationships among primates.
